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The primary objective of the study presented in this paper is to develop design curves for performance prediction of stabilized layers
and to compare semi-rigid ﬂexible pavement designs between the empirical AASHTO 1993 and the mechanistic-empirical pavement
design methodologies. Speciﬁcally, comparisons were made for a range of diﬀerent sections consisting of cementitious layers stabilized
with diﬀerent types and percentages of additives. It is found that the design thickness is inﬂuenced by the type of soil, additive, selection
of material property and design method. Cost comparisons of sections stabilized with diﬀerent percentage and type of additives showed
that CKD-stabilization provides economically low cost sections as compared to lime- and CFA-stabilized sections. Knowledge gained
from the parametric analysis of diﬀerent sections using AASHTO 1993 and MEPDG is expected to be useful to pavement designers and
others in implementation of the new MEPDG for future pavement design.
 2016 Chinese Society of Pavement Engineering. Production and hosting by Elsevier B.V. This is an open access article under the CCBY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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The basis of the AASHTO 1993 ﬂexible pavement
design method was a landmark pavement performance test
(AASHO Road Tests) conducted in the late 1950s near
Ottawa, Illinois, at a cost of $27 million (1960 dollars)
[7,18]. This experiment consisting of 288 ﬂexible pavements
generated substantial database of pavement performance
observations, which formed the basis for the pavement
design methodology adopted by AASHTO. However, the
new Mechanistic-Empirical Pavement Design Guide
(MEPDG) adopted a mechanistic-empirical approach to
the damage analysis of ﬂexible pavements. The design pro-
cess involves computing the pavement structural responsehttp://dx.doi.org/10.1016/j.ijprt.2016.10.004
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damage, and accumulating the damage into distresses,
which reduce pavement performance over time [18].
Due to the eﬀort toward implementation of the
MEPDG, several state agencies and researchers have eval-
uated ﬂexible and rigid pavement sections using both
empirical and mechanistic-empirical design methods (see
e.g., [9,16,6,11]. However, no studies to the author’s knowl-
edge compared design of semi-rigid type ﬂexible pavements
using both AASHTO 1993 and MEPDG. Also, only a lim-
ited level of attention has been devoted to the MEPDG
performance prediction capabilities of pavement systems
involving stabilized layers [23]. Since the MEPDG is
intended to replace the previous AASHTO 1993 pavement
design guide, which based primarily on empirical methods,
it is important to evaluate and compare semi-rigid pave-
ment designs using both the AASHTO 1993 and the
MEPDG guides.
Consequently, the primary objective of the study pre-
sented herein is to develop design curves for performancehosting by Elsevier B.V.
ommons.org/licenses/by-nc-nd/4.0/).
pe of ﬂexible pavements, Int. J. Pavement Res. Technol. (2016), http://dx.
2 P. Solanki, M. Zaman / International Journal of Pavement Research and Technology xxx (2016) xxx–xxxprediction of stabilized layers and to compare semi-rigid
ﬂexible pavement designs between the empirical AASHTO
1993 and the mechanistic-empirical pavement design
methodologies. These comparisons span a range of diﬀer-
ent sections consisting of cementitious layers stabilized
with diﬀerent types and percentages of additives. Also,
speciﬁc emphasis is devoted to the inﬂuence of stabilized
subgrade layer properties and reliability levels on the com-
parisons. Further, cost comparisons of diﬀerent sections
stabilized with diﬀerent additive types and contents were
also pursued.
2. Semi-rigid type flexible pavement
Several classical books and references (e.g., [1,7,2,18,15]
are available that present the terms rigid or ﬂexible to sep-
arate diﬀerent possibilities of pavement structures. The
term rigid refers to pavements with the top layer made of
cement concrete material; the term ﬂexible is associated
with pavements with asphalt concrete (AC) layer on the
top. The conventional ﬂexible and rigid pavements diﬀer
in the way each structure distributes the vertical pressure
over the subgrade. A rigid pavement tends to cause a dis-
persed spread of pressure over the lower layers. On the
other hand, the response to loads on a ﬂexible structure
is more concentrated near the loaded area. Thus, consider-
ing the presence of a cementitiously stabilized layer on the
subgrade of a ﬂexible pavement, the pressure spread over
the subgrade tends to become more diﬀused compared to
a conventional ﬂexible pavement case. This behavior of
ﬂexible pavement having a cementitiously stabilized layer
puts it into a new category called semi-rigid type ﬂexible
pavement [4]. According to the MEPDG, a pavement sec-
tion having some type of chemically stabilized (pozzolanic)
layer below the asphalt concrete layer is deﬁned as a semi-
rigid pavement [2].
3. Design curves for fatigue life of stabilized subgrade layer
3.1. Structural model
The computer program KENLAYER [7], which is based
on multi-layer elastic theory, was employed to calculate the
structural response in terms of stresses, strains, and deﬂec-
tions in various layers of 25 hypothetical pavement sections
(described in the next section).
3.2. Sample Preparation and resilient modulus
In this study, Vernon series (V-soil) soil which is classi-
ﬁed as lean clay (CL) in accordance with Uniﬁed Soil Clas-
siﬁcation System was used. Speciﬁcally, liquid limit and
plasticity index of V-soil were 37 and 11, respectively. A
total of three diﬀerent additives, namely, hydrated lime,
class C ﬂy ash (CFA) and cement kiln dust (CKD) were
used in this study. A total of 16 specimens were prepared
in this study. The procedure consists of adding a speciﬁcPlease cite this article in press as: P. Solanki, M. Zaman, Design of semi-rigid ty
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(6% for lime and 10% for CFA and CKD) was added based
on the dry weight of the soil. The additive and soil were
mixed manually for uniformity. After the blending process,
a desired amount of water was added based on the opti-
mum moisture content (OMC) determined using standard
Proctor test in accordance with ASTM D 698 test method.
The mixture was then compacted in a mold which had a
diameter of 101.6 mm and a height of 203.2 mm to reach
a dry density of between 95% and 100% of the maximum
dry unit weight (MUW) determined using standard Proctor
test. After compaction, specimens were cured at a temper-
ature of 23.0 ± 1.7 C and a relative humidity of approxi-
mately 96% for 28 days. A total of four replicates were
prepared for each additive content and tested for resilient
modulus in compression (Mr). The Mr tests were per-
formed in accordance with the AASHTO T 307 test
method. An outlier approach was used by employing t-
statistic to discard the test results if a sample result deviates
signiﬁcantly from the average of Mr results obtained from
four replicates. The critical value (t-critical) for student’s t-
test is taken at a signiﬁcance level (a) of 0.05.
The test procedure for resilient modulus in tension (Mrt)
consisted of applying six stress sequences. Each test
sequence consisted of a haversine-shaped load pulse having
a duration of 0.1 second and a rest period of 0.9 second. A
Material Testing System (MTS) electro-hydraulic test sys-
tem was used to load the specimen. The load-
deformation response was recorded for the last 5 cycles
of each stress sequence using a computer controlled FlexT-
est SE Test Controller. A 22.2 kN (5,000 lbs) load cell was
used for applying load on the specimens. The vertical and
horizontal deformations were measured by two LVDTs
having a stroke length of 2.54 mm (0.1 in), attached in
the diametrically perpendicular direction of one face of
the specimen (see [27] for detailed test procedure). A set
of four specimens were prepared for each soil-additive mix-
ture. The specimens were tested for Mrt by applying diﬀer-
ent stress levels. The applied stress level for Mrt test was
chosen according to the indirect tensile strength of the
specimen of each set. The Mrt for each sequence was calcu-
lated from the average recoverable deformation and aver-
age load from last ﬁve cycles using the following
equation [29,17]:
Mrt ¼ 2P
pDtDHT D2 þ D2g
 

ð3þ mÞD2Dg þ ð1 mÞ
 D3g  2D D2 þ D2g
 
tan1
Dg
D
  	
ð1Þ
where, t = thickness of the specimen, P = repeated load,
DHT = total recoverable horizontal deformation,
D = diameter of specimen, t = Poisson’s ratio, and Dg =
distance between LVDTs measuring horizontal deforma-
tions. The value of Poisson’s ratio was used as 0.2
consistent with the range of 0.1–0.3 reported by the
MEPDG [2].pe of ﬂexible pavements, Int. J. Pavement Res. Technol. (2016), http://dx.
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All 25 pavement sections contain a 101.6 mm (4 in) thick
asphalt concrete surface course with a resilient modulus of
3,445 MPa (500,000 psi) and a Poisson’s ratio of 0.35, and
they are underlain by V-soil having a design Mr value of 80
MPa (11,611 psi) and a Poisson’s ratio of 0.4. Each section
(except section P1) also has a stabilized subgrade layer with
either diﬀerent thickness or additive type (Poisson’s
ratio = 0.2 as recommended by MEPDG). All layers are
assumed to be linear elastic. The pavements are designated
as P1 through P25, and various combinations of thick-
nesses and resilient modulus values are shown in a design
matrix in Table 1. Overall, twelve sections consider resilient
modulus (Mr) in compression while the remaining twelve
sections consider resilient modulus in tension (Mrt). The
design Mr values were calculated at a deviatoric stress of
41.34 kPa (6.0 psi) and a conﬁning pressure of 13.78 kPa
(2.0 psi), as recommended by Jones and Witczak [8] and
Ping et al. [19]. On the other hand, Mrt were also calculated
at a deviatoric stress of 41.34 kPa (6.0 psi) and eﬀect of
conﬁnement on Mrt was neglected. The Mr values of stabi-
lized soil specimens showed low sensitivity toward low con-
ﬁning pressure (15 kPa, i.e., 2.2 psi). Similar behavior ofTable 1
Design matrix showing 25 diﬀerent pavement sections for design curves of sta
Thickness of stabilized
subgrade layer (mm)
Resilient modulus in compression, Mr (MPa)
*
Raw V-
soil (80)
V-soil +
6% Lime (715)
V-soil +
10% CFA (951)
101.6 P1 P2 P3
152.4 P8 P9
203.2 P14 P15
254.0 P20 P21
* Mr value at pa = 101.28 kPa, r3 = 13.78 kPa, rd = 41.34 kPa.
** Mrt value at rd = 41.34 kPa, r3 = 0 kPa.
Asphalt Concrete 
Stabilized Subgrade
Natural Subgrade 
c : Critical compressive str
r : Critical tensile strain
atural Subgrade 
Mr,SG = 80 MPa,  = 0.40
Asphalt Concrete 
Mr,AC = 3,445 MPa,  = 0.35
Stabilized   
Mr,SSG = See Table 10,  = 0.20
Fig. 1. Pavement conﬁguration w
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sure is expected for stabilized soil specimens in tension. A
schematic diagram of a pavement section showing all prop-
erties used is presented in Fig. 1.
3.4. Traﬃc load
AASHTO 1993 design uses 80 kN (18 kips) Equivalent
Single Axle Loads (ESAL) while new MEPDG allows use
of actual load distributions. Accordingly, pavement
response is calculated due to application of a 40 kN (9 kips)
wheel load on the surface layer. A tire pressure of
826.8 kPa (i.e., 120 psi; default value recommended by
MEPDG) is assumed to be the contact pressure applied
to a circular area on the pavement surface.
3.5. Structural response
The program KENLAYER treats the ﬂexible pavement
structure as an elastic multi-layer system under a circular
loaded area [7]. It analyzes loading in axi-symmetric space
and gives outputs namely, stresses, strains, and vertical
deﬂections, at user speciﬁed locations within the pavement
system. For each pavement section, the maximum horizon-bilized subgrade layer.
Resilient modulus in tension, Mrt (MPa)
**
V-soil + 10%
CKD (1,575)
V-soil + 6%
Lime (611)
V-soil + 10%
CFA (785)
V-soil + 10%
CKD (916)
P4 P5 P6 P7
P10 P11 P12 P13
P16 P17 P18 P19
P22 P23 P24 P25
Wheel Load
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r
Wheel Pressure = 826.8 kPa  
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Fig. 2. Variations in tensile strain below stabilized subgrade layer with
stabilized subgrade thickness.
4 P. Solanki, M. Zaman / International Journal of Pavement Research and Technology xxx (2016) xxx–xxxtal (radial) tensile strain at the bottom of the stabilized sub-
grade layer was obtained from the KENLAYER, and these
outputs are plotted in Fig. 2. It is seen that, for the same
resilient modulus value, the higher the thickness, the lower
the tensile strain which is the expected trend. The curves
tend to ﬂatten out for a stabilized subgrade layer thickness
of more than 254 mm (10 in). Also, for the same thickness,
lower tensile strain is induced in stabilized section having a
higher resilient modulus, as expected, since increased resili-
ent modulus corresponds to increased ‘‘rigidity” of the sys-
tem [25,7]. It is also clear from Fig. 2 that for sections with
same additives, Mr provides lower tensile strain compared
to Mrt. This could be attributed to the fact that the magni-
tudes of Mr values are higher than the Mrt values.
3.6. Prediction of stabilized subgrade layer performance
The tensile strains reported in Fig. 2 were divided by the
appropriate maximum allowable tensile strain from ﬂexu-
ral strength tests to calculate the strain ratio (applied
strain/maximum allowable tensile strain). The maximumTable 2
Prediction of fatigue life of stabilized subgrade layer using Eq. (2).
Thickness of stabilized
subgrade layer (mm)
Resilient modulus in compression, Mr (MPa)
Raw V-
soil (80)
V-soil + 6%
Lime (715)
V-soil + 10%
CFA (951)
101.6 NA 5,353,535 5,034,215
152.4 6,737,235 6,549,294
203.2 7,913,533 7,797,960
254.0 8,877,505 8,822,964
NA: not applicable.
1 Fatigue life lower than the fatigue life of asphalt concrete layer of same se
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four-point beam fatigue test on stabilized beams [26,27].
A model proposed by Prozzi and Aguiar-Moya [21] (see
Eq. (2)) was then employed to predict the allowable num-
ber of cycles beyond which fatigue failure occurs in each
pavement; these values are presented in Table 2 for Prozzi
and Aguiar-Moya [21] model.
logNf ¼ 7:131 0:8629 etem
 
ð2Þ
where, Nf = number of cycles to fatigue failure, et = tensile
strain at bottom of layer; em = maximum allowable strain
at bottom of beam from ﬂexural strength tests.
3.7. Thickness design curves
The variation in the predicted number of cycles to fail-
ure with the thickness of the stabilized subgrade layer are
presented in Table 2 using Eq. (2) for various values of
the resilient modulus. For the given asphalt concrete course
and subgrade properties, these charts provide the required
minimum thickness of stabilized subgrade layer to prevent
fatigue failure in the pavement. Similar charts can be pre-
pared for other asphalt concrete and subgrade properties.
It is found that the curves representing diﬀerent resilient
modulus are almost parallel to each other. The location
of the design curve for any other combination of soil and
additive can be found by evaluating its resilient modulus
and then interpolating its value on the chart.
3.7.1. Eﬀect of selection of material property
It is evident from Table 2 that the selection of resilient
modulus in compression or tension inﬂuences the fatigue
life of the stabilized sections; sections utilizing Mr consis-
tently showed higher fatigue life as compared to sections
utilizing Mrt. For example, Section P4 (V-soil stabilized
with 10% CKD) provided a fatigue life of 5,074,530,
whereas Section P7 provided a fatigue life of 3,962,050.
Thus, a decrease in resilient modulus (compression to ten-
sion mode) value by approximately 42% reduced the fati-
gue life by approximately 22%. From the above
discussion, it can be concluded that the selection of resilient
modulus value is very important for predicting the fatigue
life of semi-rigid pavement.Resilient modulus in tension, Mrt (MPa)
V-soil + 10%
CKD (1,575)
V-soil + 6%
Lime (611)
V-soil + 10%
CFA (785)
V-soil + 10%
CKD (916)
5,074,5301 5,268,073 4,874,616 3,962,050
6,717,4081 6,629,684 6,341,663 5,456,599
8,027,5741 7,823,091 7,611,802 6,806,655
9,069,9671 8,776,046 8,635,489 7,922,318
ction.
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Since tension mode is more conservative and reasonable
to use, it was decided to compare the additive performance
for the sections utilizing Mrt values (i.e., P5–P7, P11–P13,
P17–P19, P23–P25). Fig. 2 illustrate that sections stabilized
with 6% lime showed the highest resistance toward fatigue
failure followed by 10% CFA and 10% CKD. For example,
the fatigue life of Section P11 (6% lime-stabilized) is
2,003,189, as compared to 1,934,128 and 1,717,592 for Sec-
tions P12 (10% CFA-stabilized) and P13 (10% CKD-
stabilized), respectively (Table 2). Further, to illustrate
the eﬀect of additive type on fatigue life, the percentage
increase in fatigue life of 6% lime- and 10% CFA-
stabilized sections with respect to (w.r.t.) fatigue life of
10% CKD-stabilized specimens having similar thickness
is plotted, as shown in Fig. 3. It is interesting to note that
the percent diﬀerence in the fatigue life of sections stabi-
lized with diﬀerent additives decreases with the increase
in the thickness of stabilized layer. For example, Sections
P5 (6% lime-stabilized) and P6 (10% CFA-stabilized) hav-
ing thickness of 101.6 mm (4 in) showed fatigue life of
approximately 25% and 18% higher than fatigue life of Sec-
tion P7 (10% CKD-stabilized). On the other hand, Sections
P23 (6% lime-stabilized) and P24 (10% CFA-stabilized)
having thickness of 254 mm (10 in) projected fatigue life
approximately 8% and 7% higher than corresponding
CFA-stabilized section, i.e., Section P25.3.7.3. Overall pavement performance
To study the overall performance of pavement, fatigue
life of asphalt concrete was also evaluated using the fatigue
cracking model recommended by the MEPDG. This model
is given by the following equation [2]:
Nf ¼ 0:00432  k01C
1
eta
 3:9492
1
Mra
 1:281
ð3Þ
C ¼ 10M ¼ 0:0282 ð4Þ
M ¼ 4:84 V b
V a þ V b  0:69
 
¼ 1:55 ð5Þ33
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1
0:000398þ 0:003602
1þeð11:023:49hacÞ
¼ 262 ð6Þwhere, eta = maximum tensile strain below the asphalt con-
crete layer (from KENLAYER), hac = thickness of AC
layer (101.6 mm, i.e., 4 in), Mra = resilient modulus of
asphalt concrete layer (3,445 MPa, i.e., 500,000 psi), Vb = -
eﬀective binder content (4.1%), and Va = percent air voids
(7%). The fatigue life of asphalt concrete layer for diﬀerent
sections computed using Eq. (3) is presented in Table 3. It
is clear from Table 3 that at a particular thickness, section
with stabilized subgrade layer having the highest resilient
modulus showed maximum resistance toward fatigue fail-
ure of asphalt concrete. For example, among pavement
Sections P20 through P25 having 254 mm thick stabilized
subgrade layer, Section P22 having the highest resilient
modulus value (1,575 MPa, i.e. 228,592 psi) produced the
highest resistance toward fatigue failure of asphalt concrete
(fatigue life = 48,618,672 cycles). On the other hand,
among same aforementioned pavement sections, P23 hav-
ing the lowest resilient modulus value (611 MPa, i.e.,
88,679 psi) showed least resistance toward fatigue failure
of asphalt concrete (fatigue life = 1,524,547 cycles). Thus,
it can be concluded that 10% CKD providing higher resili-
ent modulus value helped by increasing the number of
cycles to failure of asphalt concrete. On the contrary, 6%
lime producing the lowest resilient modulus values reduced
the fatigue life of asphalt concrete layer.
Further, the fatigue life of stabilized subgrade layer
(Table 2) was compared with the fatigue life of asphalt con-
crete layer (Table 3). It is clear that Sections P4, P9, P10,
P13, P15, P16, P18, P19, P21, P22, P24 and P25 showed
fatigue life of stabilized subgrade layer lower than the fati-
gue life of asphalt concrete layer (Table 3). Similarly, using
the Prozzi and Aguiar-Moya [21], Sections P4, P10, P16
and P22 (10% CKD-stabilized) showed lower fatigue life
of stabilized subgrade layer as compared to corresponding
fatigue life of asphalt concrete layer (Table 3). Overall,
improvement in the stiﬀness (Mr) of stabilized layer
increased the fatigue life of asphalt concrete layer. Also,
an increase in the thickness of stabilized subgrade layer15
111
2
9
43
ubgrade Layer (mm)
6% Lime (Eqn. 2) 10% CFA (Eqn. 2)
ilized sections w.r.t corresponding 10% CKD-stabilized sections.
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Table 3
Prediction of fatigue life of asphalt concrete layer using MEPDG transfer function.
Thickness of stabilized
subgrade layer (mm)
Resilient modulus in compression, Mr (MPa) Resilient modulus in tension, Mrt (MPa)
Raw V-
soil (80)
V-soil + 6%
Lime (715)
V-soil + 10%
CFA (951)
V-soil + 10%
CKD (1,575)
V-soil + 6%
Lime (611)
V-soil + 10%
CFA (785)
V-soil + 10%
CKD (916)
101.6 NA 460,580 1,003,161 6,170,499 392,573 760,544 899,744
152.4 960,093 2,434,920 20,869,618 809,347 1,771,250 2,125,887
203.2 1,451,999 4,013,787 36,589,815 1,201,682 2,802,381 3,441,992
254.0 1,864,465 5,030,228 48,618,672 1,524,547 3,547,747 4,414,530
Table 4
Traﬃc characteristics.
Parameter Value
Two-way annual average daily traﬃc AADT 11,378 (M,E)
Number of lanes in design direction 2 (M,E)
Percent heavy trucks (of ADT) FHWA class 4 or
higher
3% (M,E)
Initial two-way AADTT 341 (M,E)
AADTT vehicle class distribution (class 9) 100% (M)
AADTT vehicle class distribution (all other class) 0% (M)
Axle load distribution factor (class 9) 18,000 lbs 100% (M)
Axle load distribution factor (class 9) All Other 0% (M)
Design lane width 3.65 m (12 ft) (M)
Percent of all trucks in design lane 80% (M,E)
Percent trucks in design direction 50% (M,E)
Traﬃc operation speed 96 km/h (60 mph)
(M)
Tire pressure 826.8 kPa (120 psi)
(M)
Mean wheel location 457.2 mm (18 in)
(M)
Traﬃc wander standard deviation 254 mm (10 in) (M)
Average initial truck factor (ESALs/truck) 2.338 (E)
Annual truck volume growth rate (compound
growth)
1.5% (M,E)
Total calculated cumulative ESALs 3,138,596 (E)
M: MEPDG Input; E: AASHTO 1993 Input; Only class 9 vehicles are
considered.
6 P. Solanki, M. Zaman / International Journal of Pavement Research and Technology xxx (2016) xxx–xxxhelped by increasing fatigue life of both stabilized subgrade
and asphalt concrete layer.
4. AASHTO 1993 and MEPDG analysis
An attempt was made to compare AASHTO 1993 and
MEPDG design methods by analyzing 16 hypothetical
pavement sections. A total of two soils, namely, V-soil
(as discussed in Section 3) and Kingﬁsher series (K-soil)
were used. K-soil is classiﬁed as lean clay in accordance
with Uniﬁed Soil Classiﬁcation System. These soils were
selected as lean clay is commonly encountered subgrade
soil in Oklahoma. The objective is to predict the thickness
of asphalt concrete layer for each pavement section using
AASHTO 1993 and MEPDG and to compare the level
of agreement between the two design methods. But before
one can proceed with the design, there are several design
parameters that need to be determined or assumed for
AASHTO 1993 and MEPDG analysis [1,7,2]. These design
inputs are discussed brieﬂy in the next section.
4.1. Design parameters
It was decided to select common design inputs for both
AASHTO 1993 and MEPDG analyses. However, MEPDG
requires more design inputs as compared to AASHTO
1993 Design Guide. In such cases Level 3 default design
inputs were selected for MEPDG, as discussed below.
1. Design Period: The design period for the selected pave-
ment sections is assumed to be 20 years.
2. Traﬃc Characteristics: A summary of design traﬃc used
in the analysis is presented in Table 4. The initial two-
way annual average daily traﬃc (AADT) for this design
is assumed to as 11,378 with 3% of the traﬃc being
heavy trucks [30,1,7]. The ESAL is calculated from the
information presented in Table 4. The ESAL for the pre-
sent traﬃc and annual truck volume growth rate of 1.5%
is found to be 3,138,596. Since it is customary to use 80
kN (18,000 lb) axle load in AASHTO 1993, it was
decided to use axle load distribution consisting of only
80 kN (18,000 lb) axle loads in MEPDG. For the ESAL
simulation, the default vehicle class distribution was
modiﬁed to include only class 9 vehicles. This class of
vehicle has one single axle and two tandem axles; how-
ever, to represent the standard single axles load of 80Please cite this article in press as: P. Solanki, M. Zaman, Design of semi-rigid ty
doi.org/10.1016/j.ijprt.2016.10.004kN (18,000 lb) only single axle load of 80 kN (18,000
lb) is considered [24]. The load distribution was also
modiﬁed so that only a 80 kN (18,000 lb) load level
was considered in the axle load distribution. These two
modiﬁcations guaranteed only a standard single axle
would be used as the traﬃc loading. Additional
MEPDG inputs such as design lane width, traﬃc oper-
ation speed, tire pressure, mean wheel location and traf-
ﬁc wander standard deviation were taken as default
value for Level 3 design, as presented in Table 4.
3. Reliability and Performance Characteristics: Table 5 pre-
sents the reliability and serviceability values used in this
design application. These values are based on the recom-
mendations by the AASHTO 1993 and MEPDG. Based
on the AASHTO recommendation, a reliability level of
90% was selected as an input parameter [1,2]. An overall
standard deviation of 0.46 was used, as recommended
by Oklahoma Department of Transportation. The initial
and ﬁnal serviceability values of the pavement arepe of ﬂexible pavements, Int. J. Pavement Res. Technol. (2016), http://dx.
Table 5
Reliability and serviceability.
Parameter Value
Reliability level 90% (M, E)
Overall standard deviation 0.46 (E)
Initial serviceability 4.2 (E)
Terminal serviceability 3.0 (E)
Design roadbed resilient modulus (MPa) (V-soil) 80 (E)
Drainage factor for layer coeﬃcient (fair to good) 1.0 (E)
Table 6
Properties of asphalt concrete for pavement design.
Parameter Value
Mix type S3
Binder type PG 64–22
(M)
Binder content (Vb) 4.1% (M)
Percent passing 1 in sieve 100% (M)
Percent passing ¾ in sieve 98% (M)
Percent passing 3/8 in sieve 80% (M)
Percent passing No. 4 sieve 58% (M)
Percent passing No. 200 sieve (P200) 2.9% (M)
Percent air voids (Va) 7.0% (M)
Total unit weight 20.91 kN/m3
(M)
Poisson’s ratio 0.35 (M)
Reference temperature (T) 70 F (M, E)
Tensile strength 2,756 kPa
Applied stress (elastic analysis of pavement conﬁguration
shown in Fig. 1)
90–1,034 kPa
Stress ratio (S) 0.030–0.375
Resilient modulus in indirect tension (Navratnarajah,
2006) at 70 F (Frequency = 10 Hz) (Mra)*
2,746–3,552
MPa
Average resilient modulus in indirect tension (70 F) 3,149 MPa
(E)
Structural layer coeﬃcient (asphalt concrete) mm1 0.0176 mm1
(E)
Dynamic modulus master curve from MEPDG See Fig. 4
(M)
Dynamic modulus value (Frequency = 10 Hz) 7,727 MPa
* Mra = (3048.96-23.12T-148.36Va-280.39Vb + 443.04P200)  (0.803-
0.010T + 0.053Va)
S.
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MEPDG, performance characteristics were assumed to
be default values for a Level 3 design of a ﬂexible
pavement.
4. Properties of Asphalt Concrete Layer: AASHTO 1993
requires layer coeﬃcient (determined from resilient
modulus) for asphalt concrete, whereas MEPDG uses
dynamic modulus and Superpave binder grading as
input parameters. To use consistent properties of
asphalt concrete in both AASHTO 1993 and MEPDG,
it was decided to select a particular gradation of asphalt
concrete mixture. Table 6 presents the gradation, binder
and mix properties of the asphalt concrete used in the
current study. The properties of the S3 mix are repro-
duced from Solanki et al. (2009c) which was used in
the construction of an instrumented section on I-35 in
the southbound lane. Further, details of the mix are
given in Solanki et al. (2009c). The resilient modulus
of the mix was determined using the following correla-
tions recommended by Navratnarajah [17]:
Mra¼ð3048:9623:12T 148:36V a280:39V b
þ443:04P 200Þð0:8030:010T þ0:053V aÞS ð7Þ
where, T = temperature (70 F, i.e., 21 C), S = stress
ratio (0.030–0.375 from KENLAYER). On the other
hand, dynamic modulus was computed using Level 3
inputs in the MEPDG. The resultant master curve of
dynamic modulus is presented in Fig. 4. It is interesting
to note that the dynamic modulus and resilient modulus
values at a reference temperature of 70 F (21 C) (fre-
quency = 10 Hz) are 3,149 MPa (457,039 psi) and
7,727 MPa (1,121,480 psi), respectively. Previous studies
reported that the performance of pavements is aﬀected
by the choice of the asphalt concrete modulus (e.g.,
[10,13,14].
5. Stabilized Subgrade and Subgrade Properties: The stabi-
lized subgrade and subgrade properties were changed to
examine the inﬂuence of additive and soil type on the
design thickness (Table 7). A summary of design matrix
of 16 diﬀerent pavement sections (S1–S16) used in this
study is presented in Table 8. As noted earlier, a total
of two diﬀerent soils, namely, V- and K-soil were evalu-
ated. Sections S1 through S6 are underlain by a V-soil
subgrade (design Mr value = 80 MPa, i.e., 11,611 psi),
whereas Section S7 through S16 are underlain by rawPlease cite this article in press as: P. Solanki, M. Zaman, Design of semi-rigid ty
doi.org/10.1016/j.ijprt.2016.10.004K-soil subgrade (design Mr value = 56 MPa, i.e., 8,128
psi). Only Section S16 was assumed to have no stabilized
soil layer. For AASHTO 1993 design, stabilized sub-
grade layer is counted as a subbase and assigned an
appropriate structural layer coeﬃcient [22,5]. According
to the AASHTO Design Guide AASHTO 1993, the
relationship between the layer coeﬃcient (a) of the
subbase layer and its resilient modulus (in psi) is given
by Eq. (8).
a ¼ 0:277 logMr  0:839 ð8Þ
where, a = layer coeﬃcient (in1) and Mr is resilient mod-
ulus in psi. However, Eq. (8) is valid for granular materials
relating subbase layer coeﬃcient to resilient modulus, but
no such equation is available for the stabilized subgrade
layer. Thus, in lieu of equation or charts speciﬁcally for
the stabilized subgrade, the equation for granular subbase
was assumed to apply to the stabilized subgrade layer to
estimate the layer coeﬃcient. This assumption was vali-
dated through ﬁeld testing by other researchers (e.g., [5].
The measured resilient modulus values for all the ﬁfteen
(S1–S15) sections were used for calculating layer coeﬃ-
cients using Eq. (8), as presented in Table 8. For MEPDG
analysis, resilient modulus values were used directly for a
Level 3 design.pe of ﬂexible pavements, Int. J. Pavement Res. Technol. (2016), http://dx.
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Fig. 4. Dynamic modulus master curve for asphalt concrete mix from MEPDG.
Table 7
Input parameters for stabilized subgrade and subgrade.
Parameter Value
Subgrade
Design roadbed resilient modulus (MPa) (V-soil) 80 MPa (M,E)
Drainage factor for layer coeﬃcient (Fair to Good) 1.0 (E)
Poisson’s ratio 0.4 (M)
Gradation, Atterberg limits (M)**
Maximum dry unit weight and optimum moisture
content
(M)**
Stabilized Subgrade
Design resilient modulus See Table 10 (M,
E)
Drainage factor for layer coeﬃcient (fair to good) 1.0 (E)
Structural layer coeﬃcient, a* See Table 10 (E)
Poisson’s ratio 0.2 (M)
Modulus of rupture (M)**
Unit weight (M)**
* a = 0.227log (Mr)-0.839 (where, Mr: psi, a: in
1).
** See Solanki [26] for details.
Table 8
Pavement design matrix and sections using AASHTO 1993 and MEPDG ana
Section number S1 S2 S3
Soil type1 V-soil V-soil V-soil
Additive type Lime CFA CKD
Percent 6 10 10
Mr or Mrt Mr Mr Mr
Design Mr (MPa) 715 951 1,575
a (mm1) 0.0118 0.0129 0.0149
SN 3.87 3.87 3.87
DE (mm)
2 117.9 108.0 90.7
DM (mm)
2 180.3 162.3 127.0
Section number S9 S10 S11
Soil type1 K-soil K-soil K-soil
Additive type Lime CFA CFA
Percent 9 5 10
Mr or Mrt Mr Mr Mr
Design Mr (MPa) 719 435 801
a (mm1) 0.0118 0.0099 0.0122
SN 4.48 4.48 4.48
DE (mm)
2 152.4 169.4 149.1
DM (mm)
2 165.1 182.9 157.5
SN: structural number (for AASHTO 1993 Design); DE: required asphalt conc
thickness using new MEPDG; NA: not applicable.
1 Roadbed soil is raw V-soil for Sections 1 through 6 and K-soil for Section
2 Thickness of stabilized subgrade layer = 152.4 mm.
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Based on the design parameters selected, SN for
AASHTO 1993 design is calculated using DARWin 3.1 –
AASHTO 1993 Design Guide software [1]. For the V-
and K-soil subgrade, a SN of 3.87 (S1–S6) and 4.48 (S7–
S16) is obtained, respectively. In order to convert the
design SN to actual pavement thickness, a semi-rigid type
ﬂexible pavement section which has an asphalt concrete
layer on the top of 152.4 mm (6 in) stabilized subgrade
layer is considered. Based on the AC layer coeﬃcient
(0.0176 mm1, i.e., 0.447 in1), the required asphalt con-
crete thickness can be determined using speciﬁed thickness
design method provided in DARWin 3.1 software. Table 8
presents the required AC thickness (DE) for the calculated
SN pertaining to Sections S1 through S16. The MEPDG
analysis was conducted for all the sections (S1 throughlysis.
S4 S5 S6 S7 S8
V-soil V-soil V-soil K-soil K-soil
Lime CFA CKD Lime Lime
6 10 10 3 6
Mrt Mrt Mrt Mr Mr
611 785 916 1,017 1,081
0.0112 0.0122 0.0128 0.0132 0.0134
3.87 3.87 3.87 4.48 4.48
122.9 115.1 109.7 140.5 138.4
187.8 175.3 165.1 139.7 138.4
S12 S13 S14 S15 S16
K-soil K-soil K-soil K-soil K-soil
CFA CKD CKD CKD None
15 5 10 15 0
Mr Mr Mr Mr Mr
948 291 1,122 1,880 56
0.0129 0.0083 0.0135 0.0155 NA
4.48 4.48 4.48 4.48 4.48
142.7 182.4 137.7 119.9 254.8
147.32 195.6 134.6 73.7 228.6
rete thickness using AASHTO 1993 design; DM: required asphalt concrete
s 7 through 16.
pe of ﬂexible pavements, Int. J. Pavement Res. Technol. (2016), http://dx.
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Fig. 5. Required AC thicknesses for diﬀerent sections using AASHTO 1993 and MEPDG.
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AC layer was selected from the AASHTO 1993 analysis
results. If the section failed the criteria for the smoothness
(IR) and other distresses, the thickness of AC layer was
increased by 12.7 mm (one-half inch) and the analysis
was redone. Analysis of each section took approximately
5–10 min on a Dell Inspiron 1501 laptop. This process
was repeated until the section passed all the performance
criteria. The AC thickness (DM) that was eventually
obtained was taken to be the equivalent MEPDG section
as shown in Table 8. A summary of required AC thick-
nesses for Sections S1 through S16 using both AASHTO
1993 and MEPDG is presented graphically in Fig. 5.
4.2.1. Eﬀect of selection of material property
In the present study, both resilient modulus in compres-
sion (Sections S1 through S3) and tension (Sections S4
through S6) were considered for designing pavement sec-
tions. The required AC thicknesses computed using both
AASHTO 1993 and MEPDG are presented in Table 10.
It is evident from Table 8 that the selection of resilient
modulus in compression or tension mode inﬂuences the
design thickness of the stabilized sections. Sections utilizing
Mr consistently showed lower design thickness as com-
pared to corresponding stabilized section utilizing Mrt.
For example, Section S1 (V-soil stabilized with 6% lime)
provided an AASHTO 1993 design thickness of 117.9
mm (4.64 in), whereas Section S4 provided an AASHTO
1993 design thickness of approximately 122.9 mm (4.84
in). It is also clear that the inﬂuence of selection of resilient
modulus in compression or tension mode is dependent on
the selection of design method. For example, pavement
Sections S4, S5 and S6 designed by AASHTO 1993 method
showed an increase in AC thickness by approximately 5.0,
7.1 and 19.0 mm (i.e., 0.19, 0.28 and 0.75 in) with respect to
AC thicknesses of S1, S2 and S3 sections, respectively. On
the other hand, MEPDG showed an increase in AC thick-
ness by approximately 7.5, 13.0 and 38.1 mm (i.e., 0.30,
0.51 and 1.50 in) between the similar aforementioned
sections.Please cite this article in press as: P. Solanki, M. Zaman, Design of semi-rigid ty
doi.org/10.1016/j.ijprt.2016.10.0044.2.2. Eﬀect of soil and additive type
As noted earlier, V-soil was used in Sections S1 through
S5 while K-soil was used in Section S7 through S16. Due to
similar additive type and content, Sections S1 (V-soil stabi-
lized with 6% lime), S2 (V-soil stabilized with 10% CFA)
and S3 (V-soil stabilized with 10% CKD) were compared
with Sections S8 (K-soil stabilized with 6% lime), S11 (K-
soil stabilized with 10% CFA) and S14 (K-soil stabilized
with 10% CKD), respectively. It is clear that Sections S1,
S2 and S3 consistently provided lower AASHTO 1993
AC design thickness as compared to Sections S8, S11 and
S14, respectively. For example, the required AC design
thickness of Sections S8, S11 and S14 were approximately
20.5, 41.1 and 47.0 mm (i.e., 0.81, 1.62 and 1.85 in) higher
as compared to design thickness of S1, S2 and S3 sections,
respectively. On the other hand, Sections S1 and S2 pro-
vided approximately 41.9 and 4.8 mm (i.e., 1.65 and 0.19
in) higher MEPDG AC design thickness as compared to
Sections S8 and S11, respectively. Section S14 showed
approximately 7.6 mm (0.30 in) higher MEPDG design
thickness as compared to Section S3. The higher AASHTO
1993 design thicknesses of K-soil stabilized sections (S8,
S11, S14) as compared to corresponding V-soil stabilized
sections (S1, S2, S3) could be attributed to the fact that
the design Mr value of K-soil (56 MPa, i.e., 8,128 psi) is
lower than the design Mr value of V-soil (80 MPa, i.e.,
11,611 psi). On the contrary, MEPDG design thicknesses
showed a combined eﬀect of both subgrade and stabilized
subgrade layer. Although design Mr of V-soil is higher than
the Mr of K-soil, Mr of K-soil stabilized with 6% lime (S8)
is higher than the Mr of V-soil stabilized with 6% lime (S1).
Further, to evaluate the eﬀect of additive type and con-
tent, the design thicknesses of Sections S8 through S15
were compared (Table 8). It is evident from Table 8 that
an increase in lime content showed a decrease in both
AASHTO 1993 and MEPDG design thicknesses up to
6% of lime, followed by an increase in design thickness
for 9% lime. This could be attributed to an increase in
Mr value from 3% to 6% lime content (1017 to 1081
MPa) followed by a decrease in Mr value from 6% to 9%pe of ﬂexible pavements, Int. J. Pavement Res. Technol. (2016), http://dx.
10 P. Solanki, M. Zaman / International Journal of Pavement Research and Technology xxx (2016) xxx–xxxlime content (1081 to 719 MPa). On the other hand, an
increase in CFA and CKD content in the stabilized sub-
grade layer decreased both AASHTO 1993 and MEPDG
design thicknesses. For example, 15% CFA (S12) and
15% CKD (S15) decreased the AASHTO 1993 design
thickness of raw subgrade soil (S16) by approximately
44% and 53%, respectively. The trend of design AC thick-
ness is similar to the trend of Mr values of stabilized layer,
as expected (Fig. 5).4.2.3. Overall pavement performance
It is clear from Fig. 5 that for all the sections containing
V-soil (S1–S3), MEPDG consistently showed a higher
(approximately 50%) AC design thickness than the
AASHTO 1993 thickness of corresponding sections. This
behavior is consistent with the observations reported by
other researchers for conventional ﬂexible pavement with-
out stabilized subgrade layer. For example, Carvalho and
Schwartz [6] concluded that the AASHTO 1993 over-
estimates the performance of pavements (i.e., lower thick-
ness) for pavements in warm locations. On the contrary,
all the sections containing stabilized K-soil (S7–S16)
showed low percentage (<10%) diﬀerence between the
design thicknesses obtained from AASHTO 1993 and
MEPDG methods. Additionally, Sections S7, S14, S15
and S16 provided higher AASHTO 1993 thickness than
MEPDG design thickness. According to a study conducted
by Mulandi et al. [16] on lime-stabilized sections, the
MEPDG procedure resulted in much thinner sections when
compared to the sections obtained following the AASHTO
1993 design method. Further, the fatigue life prediction for
Sections S1 through S6 showed that a comparatively
thicker section is required for preventing fatigue failure
of stabilized subgrade layer.4.3. Reliability sensitivity
Three diﬀerent reliability levels of 80%, 90% and 95%
were considered for this study. Table 9 summarizes the
eﬀect of reliability level on the AASHTO 1993 and
MEPDG design thickness of Sections S4, S13 and S16.
Based on Table 9, it is clear that an improvement in theTable 9
Comparison of the eﬀect of reliability levels in pavement design on sections S
Section number Reliability level Design structural
number (SN)
S4 80 3.54
90 3.87
95 4.15
S13 80 4.13
90 4.48
95 4.77
S16 80 4.13
90 4.48
95 4.77
AC: asphalt concrete; MEPDG: mechanistic-empirical pavement design guide
Please cite this article in press as: P. Solanki, M. Zaman, Design of semi-rigid ty
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percent diﬀerence between pavement thicknesses (when
using [1] design) by approximately 33%, 22% and 15%
for Sections S4, S13 and S16, respectively. On the other
hand, MEPDG showed comparatively less sensitiveness
toward change in reliability level. For example, an increase
in reliability level from 80% to 95% increased the required
AC thickness (MEPDG) by approximately 23%, 16% and
12% for Sections S4, S13 and S16, respectively. According
to Carvalho and Schwartz [6], the performance predicted
with the MEPDG is relatively insensitive to the reliability
level as compared to AASHTO 1993 designs.5. Cost comparisons
In addition to the reduction of thickness of AC layer
achieved by utilizing cementitious additives in highway
pavements, there is also a potential for economic savings.
Also, selection of an additive depends on cost considera-
tion of materials and hauling. Table 10 provides a compar-
ison of costs associated with the delivery of lime, CFA and
CKD for the construction of a hypothetical pavement sec-
tion in Norman, Oklahoma. Also, cost of a control section
constructed using 152.4 mm (6 in) of ODOT Type A aggre-
gate base (properties reproduced from [28]c) is evaluated
for comparison purposes. Cost ﬁgures shown in Table 10
were provided by the suppliers. Speciﬁcally, cost of
hydrated lime was provided by the Texas Lime Company
located in Cleburne, Texas. On the other hand, cost of
CFA and CKD was provided by Lafarge North America
located in Tulsa, Oklahoma. An aggregate base quarry
located in Davis, Oklahoma (Dolese Bros Co.) provided
material and freight cost of Type A aggregate base. Costs
were calculated for aggregate base layer and Sections S7
through S15 by assuming a 305 m (1000 ft) wide stabilized
subgrade layer stabilized to a depth of 152.4 mm (6 in). It is
clear that Type A aggregate base provided the highest cost.
Further, cost comparisons indicate that the use of CKD
was least expensive due to low material costs ($19/ton)
and close proximity to the site. Sections stabilized with
hydrated lime showed relatively high prices due to higher
material cost ($123/ton). However, it is important to note4, S13 and S16.
Required AC thickness
(AASHTO 1993) (mm)
Required AC thickness
(MEPDG) (mm)
104.1 165.1
122.9 187.8
138.4 203.2
162.6 180.3
182.4 195.6
199.1 208.3
235.0 213.4
254.8 228.6
271.3 238.8
.
pe of ﬂexible pavements, Int. J. Pavement Res. Technol. (2016), http://dx.
Table 10
Cost comparisons for constructing stabilized subgrade layer in Norman, OK.
Section no. Additive
type
Percent Dry density
(kN/m3)
Soil/Agg
weight
(tons)
Additive
weight
(tons)
Additive
Cost
($ per tons)1
Freight
Cost
($ per tons)1
Total
cost ($)
Type A Agg base None 100 22.7 1,088 0 6.5 10.50 18,488
S7 Lime 3 17.0 813 24 123 23.20 3,566
S8 Lime 6 16.8 800 48 123 23.20 7,013
S9 Lime 9 16.3 779 70 123 23.20 10,244
S10 CFA 5 17.4 831 42 36 21.92 2,407
S11 CFA 10 17.4 833 83 36 21.92 4,822
S12 CFA 15 17.5 836 125 36 21.92 7,265
S13 CKD 5 17.3 827 41 19 20.55 1,634
S14 CKD 10 17.1 815 81 19 20.55 3,221
S15 CKD 15 16.9 809 121 19 20.55 4,796
1 Cost provided by Lafarge North America, Tulsa for CKD and CFA, Texas Lime Company for lime, and Dolese Bros Co, Davis for aggregate; Agg:
Aggregate.
18
,4
88
3,
56
6
7,
01
3
10
,2
44
2,
40
7
4,
82
2
7,
26
5
1,
63
4
3,
22
1
4,
79
6
0
500
1,000
1,500
2,000
0
4,000
8,000
12,000
16,000
20,000
Type A 
Agg Base
S7 -
3%Lime
S8 -
6%Lime 
S9 -
9%Lime
S10 -
5%CFA
S11 -
10%CFA
S12 -
15%CFA
S13 -
5%CKD
S14 -
10%CKD
S15 -
15%CKD
R
es
ili
en
t M
od
ul
us
 (M
Pa
)
To
ta
l A
dd
iti
ve
 C
os
t (
$)
Pavement Section Number
Total Additive Cost
Resilient Modulus 
Fig. 6. Total additive cost and resilient modulus of diﬀerent sections.
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on location in Oklahoma, but generally, lime prices are rel-
atively insensitive to location within the State (Miller et al.,
2003).
In Fig. 6 a comparison of total aggregate base, lime,
CFA and CKD costs is shown for diﬀerent sections along
with design Mr values. It is clear from Fig. 6 that aggregate
base layer provides most expensive section but with the
lowest design Mr value. Also, 15% CKD (S15) provides
the highest Mr values and lower costs as compared to 6%
lime- (S9) and 15% CFA- (S12) stabilized sections. Further,
costs were compared for diﬀerent additive contents
providing similar design Mr values. Sections S7 (3% lime),
S12 (15% CFA) and S14 (10% CKD) were selected for this
purpose. It is evident from Fig. 6 that the total additive
cost of Sections S7 and S12 are approximately $3,566
and $7,265. On the other hand, Section S14 provided
slightly higher Mr values and lower cost ($345 - $4,044
savings) as compared to Sections S8 and S12. Thus, based
on material and hauling costs, CKD can be cheaper than
hydrated lime and CFA. In addition, other factors should
be considered in comparing the costs of lime-, CFA- and
CKD-stabilized layers. For example, after capillaryPlease cite this article in press as: P. Solanki, M. Zaman, Design of semi-rigid ty
doi.org/10.1016/j.ijprt.2016.10.004soaking CKD-stabilized soil appears to loose more
strength as compared to lime- and CFA-stabilized speci-
mens [26], which could result in more money for the main-
tenance of CKD-stabilized sections.6. Concluding remarks
In this study, design curves for fatigue performance
prediction of stabilized layers were developed for diﬀerent
stabilized pavement sections. The eﬀect of selection of
fatigue model, soil type and additives on thickness of
stabilized section was discussed. Further, semi-rigid
ﬂexible pavement designs of diﬀerent sections between the
empirical [1] and the mechanistic-empirical MEPDG
pavement design methodology were compared and
discussed. Speciﬁcally, comparisons spanning a range of
diﬀerent sections consisting of cementitious layers stabi-
lized with diﬀerent type and percentage of additives were
discussed. Costs of diﬀerent sections stabilized with diﬀer-
ent additive types and contents were also presented. The
following points highlight the conclusions drawn from this
study:pe of ﬂexible pavements, Int. J. Pavement Res. Technol. (2016), http://dx.
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or tension mode is very important for predicting the fati-
gue life and AC design thickness of semi-rigid pavement.
It was found that sections utilizing Mr values consis-
tently showed a higher fatigue life and lower design
thickness as compared to corresponding sections utiliz-
ing Mrt values. Further, the degree of inﬂuence of selec-
tion of resilient modulus in compression or tension
mode is dependent on the design method (i.e., [1] and
MEPDG).
2. The sections stabilized with 6% lime showed the highest
resistance toward fatigue failure followed by 10% CFA
and 10% CKD. However, the percent diﬀerence in the
fatigue life of sections stabilized with diﬀerent additives
decreases with the increase in the thickness of stabilized
layer.
3. An increase in the stiﬀness (Mr) of stabilized layer
increased the fatigue life of asphalt concrete. Also, an
increase in the thickness of stabilized subgrade layer
helped by increasing fatigue life of both stabilized sub-
grade and asphalt concrete layer.
4. The trend of the AC design thicknesses of diﬀerent sec-
tions is similar to the trend of Mr values of stabilized
layer.
5. The trend of AC design thicknesses predicted using [1]
and MEPDG were mixed. For the Sections S1 through
S3 containing V-soil (design Mr = 80 MPa, i.e.,
11,611 psi), MEPDG consistently showed higher
(approximately 50%) AC design thicknesses than the
[1] thickness of corresponding sections. On the contrary,
Sections S7 through S16 containing K-soil (design
Mr = 56 MPa, i.e., 8,128 psi) showed low percentage
(<10%) diﬀerence between the design thicknesses com-
puted from [1] and MEPDG methods.
6. MEPDG showed comparatively less sensitiveness
toward change in reliability level as compared to [1]
design methodology.
7. At a similar Mr level, CKD-stabilization provided eco-
nomically low cost sections as compared to lime- and
CFA-stabilized sections.
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